Correct selection of quenching media decreases the risk of tensile stresses, and also cracking and workpiece distortion. High-performance quenching oil must have excellent oxidation and thermal resistance and low sludge formation, must be non-staining and have an elevated flash point and acceptable heat-transfer characteristics. The quenching media contain base oil and different types of additives according to application requirements. As the base oil, it is possible to use mineral oils, synthetic and natural oils separately or in combination. Mineral base oils are widely used because of their advantages in stability in comparison to natural oils, or lower prices in comparison to synthetic oils. There are numerous compounds available for use but, besides of functional properties, the environmental and safety requirements have a strong influence on the components selection. Based on that the barium additives must be replaced with less harmful compounds. Petroleum derivatives should be changed with renewable base stocks that are biodegradable, as general trend in lubricant development. By changing the composition of quenching oils, base oils and additives, heat transfer characteristics are also changed. In this study are presented the examination results of physical-chemical properties and also cooling characteristics of new quenching oils with different compositions. Cooling curves for different compositions have been evaluated according to ISO 9950 standard.
INTRODUCTION
The heat treatment processes include annealing, hardening, stress relief, improving and surface hardening [1] . During the metal heat treatment many different cooling and quenching media can be used. According to ISO 6743-14 standard, heat treatment-U [2] , oils and similar products applied in the metal hardening process are divided into six groups identified by letter: H = indicates a mineral oil type products A = indicates an aqueous fluid, such are water or a polymer solution S = indicates a molten salt G = indicates a gas F = indicates products used for fluidized bed hardening K = indicates all other cases.
These products are classified according to the phenomenon of tending to produce a vapour layer at the beginning of the immersion of a hot workpiece, which is called the Leidenfrost phenomenon. The vapour layer is created with quenching media which boiling point is under the austenitization temperature such as water, oils, emulsions and polymer quenchants. The products without the Leidenfrost phenomenon are the media which boiling point is above the austenitization temperature of steel such as molten salts and molten metals, gases and vacuum, such as fluidized beds and technical gases [3] . There are three stages of cooling process during the immersion of the hot workpiece into a quenching medium which tends to produce a vapour layer. They are: a) the vapour layer stage, b) the boiling stage and c) the convection stage, as it's shown in Figure 1 [4] . The vapour layer stage (a) begins immediately after the immersion of a hot workpiece into the quenchants. The high temperature of the workpiece forms the vapour layer which functions as an insulator preventing the contact between the quenchant and the metal surface. The vapour layer has a low thermal conductivity which is the cause of the low cooling rate. The duration of this stage primarily depends on the quenching media. The temperature of the workpiece decreases depending on the quenchant and the workpiece geometry, the vapour layer becomes unstable and it disappears providing the contact between the quenchant and the workpiece surface. Severe boiling (b) rapidly releases the heat and the colder fluid comes to the surface. The heat release occurs really fast from the surface. In this cooling stage the maximum quenching rate is achieved and the temperature decrease reduces boiling. In the last cooling stage (c) when the temperature of the workpiece decreases under the boiling point of the quenchant, the heat is released only by the convection of the quenchant. Therefore the cooling in this stage can be considerably increased by the circulation of the quenchant [5] .
PROPERTIES AND COMPOSITION OF QUENCHANTS
The quenching media for heat treatment are hardening oils, emulsifying and synthetic fluids and water. Water is a severe quenching medium while the oils cool considerably slower than water. The main disadvantage of oil is the fire hazard and the main disadvantage of water is the weak corrosion protection. The positive properties of water and oil, as quenchants, are combined by the application of watermiscible medium. The quenching media for heat treatment operation should be selected on the basis of its heat transfer characteristics, and also on the material quality to be quenched and the heat treatment process. Typically, quenching oils are classified into three groups: fast, accelerated and medium speed-conventional oils; and marquenching -hot oils [6] . Table 1 shows the oil classification which is used in heat treatment according to ISO 6743-14 norm in relation to the quenching procedure. Table 3 shows the water fluids classification [2] . When selecting the quenchant or the raw material for the production, attention must be paid not only to the technical requirements, but also to the requirements of the environmental protection and human safety [7] . Hardening oils contain base oil and additives. The base oil can be mineral (petroleum), synthetic or natural origin (vegetable or animal oils). High performance requirements for lubricants have led to an increased application of synthetic base oils such as polyalphaolefins or synthetic esters. Mineral base oils, naphtenic or paraffinic, are widely used because of their advantages in stability in comparison to natural oils, or lower prices in comparison to synthetic oils. In Table 2 are presented the types and the most important properties of base oils according to API (American Petroleum Institute) classification. Table 2 The function of additives is the oxidation inhibition, foam inhibition, improve workpiece cleanness, improve cooling rate, etc. The basic physical and chemical properties of hardening oils are viscosity, boiling, fluidity, flash point, oxidation and thermal stability, volatility and washability. Viscosity as one of the most important lubricant characteristics present the internal friction criteria, which work as resistance to the molecule position, change in the lubricant under the shear stress. The viscosity depends on the temperature and the pressure. The cooling rate depends on the viscosity. The emulsifying fluids contain base oil and a greater amount of surface-active substances in order to produce a stable emulsion and the corrosion protection. The synthetic agents do not contain the oil component but they contain surface-active substances, corrosion inhibitors, high molecular contentspolymers and other substances. There are numerous compositions possibilities but environmental and safety requirements have a strong influence on the additive selection. In this type of industrial oils an important restriction is placed on barium additives which have been in use for years and now they should be replaced [5] .
EXPERIMENTAL 3.1. Test samples of quenchants
Test samples are prepared for the examination of the influence of oil composition on the cooling properties in heat treatment processes. Samples of test oils consist of different types of base oils and additives. As base oil we use SN-solvent rafined mineral oil paraffinic, HC5-catalitically hydroisomerized and dewaxed hydrocarbon, PAO-polyalphaolefine, isoparafinic synthetic fluid, hydrogenated C10 oligomer, and 3 types of ester oils. Those are two synthetic esters SE1-with flash point of 308 0 C, SE2-saturated polyol ester (NPG/TMP/PE) and vegetable oil, rape seed oil rafinned and additionally stabilised with additive Ad2. All compositions are less harmful to the environment and people because they do not contain barium compounds. Functional test additive contains sodium and calcium sulfonates, AdS. Table 3 presents compositions of test samples of oils. 
Test methods for determination physical and chemical properties of test medium
The most important properties of quenching fluids that should be determined are: viscosity, flash point, boiling point, oxidation and thermo stability, fluidity, volatility and, in certain applications, washability. Viscosity is measured by the standard ISO 3104 (ASTM D 445) using a common viscometer at the standard temperatures of 100 0 C and 40 0 C in mm 2 s -1 [8] . The viscosity of quenching oils is a very important property for the quenching hardening process. Viscous oil will produce a more stable vapour blanket, consequently slowing down the cooling rate. The flash point of oil, by definition, is the lowest temperature at which the application of a flame causes the vapour above the oil to ignite and is determined according to ISO 2592. The appearance and colour of oils can be determined by several methods. The ASTM Colour determination by the standard ASTM D 1500 (ISO 2049) is commonly used. A test portion of the oil is viewed under an artificial daylight source and the colour is compared with the colour of glass disks ranging in value from 0.5 to 8.0. Appearance also can be determined visually.
Oxidation stability describes the oxidation of quenching oils as a result from a chemical reaction between the molecules of the oil and the oxygen from the atmosphere. The rate of oil oxidation increases greatly as temperature increases. The products of oxidation are complex in nature and include acidic and insoluble materials, which can affect the quenching rate and may cause corrosion, staining and sludge formation.Thermal stability is a property that points out the thermal degradation of quenching oil. Degradation occurs when oil molecules split or crack due to the intense localized heat generated during the workpiece quenching. The results of such reactions manifest themselves as carbon deposits and lighter more volatile materials. These potentially contamination effects can be minimized by base oil selection, additive technology and good system maintenance. The thermal and oxidation stabilities of oils can be measured by several methods. We used an internal method that is a The results of determination of sample colors, Table 5 , and comparison before and after treatment shows that the highest degradations occurred in formulations with Base oil, I group. After that is Base oil, III group, samples 49, 40, 41 and 42. Formulations based on vegetable base oils showed almost the same results. Also it is obvious that degradation is lower at lower additive quantity. Table 6 gives the results of the acid number determination of tested oils (ISO 6618). It is obvious that in most formulations there is increase of acid values. In formulations based on vegetable base oil, values are higher compared to others. Also we examined corrosiveness of oils before and after thermal treatment by corrosion test on copper plate, according to ASTM D 130 (ISO 2160). The results are that corrosion properties of all oils showed no changes to the start values. Formulations with mineral base oil SN 150 and PAO have higher corrosion values in comparison to the other formulations. Figure 4 shows temperature vs. time plots for the test probe cooled in the all base oils. Figure 4 , 5 and 6 show cooling properties measurement results for all hydrocarbon tested medium. On Figure 7 are presented cooling properties of tested medium based vegetable oil. Table 7 . 
TEST RESULTS AND DISCUSSION

CONCLUSION
Based on the latest environmental and safety requirements and development trends we have made heat treatment oils with an adequate composition so that they are less harmful as they do not contain harmful additives with barium. We prepared several grades of test oils with different types of base oil, mineral, synthetic and natural oil. The average cooling rates and the H values according to ISO 9950 method are determined for all the samples. The results of the tested samples show that fluids of different composition significantly change the characteristics which are important for the cooling capacity. Formulations based on rape-seed oil are natural oils from renewable source, but are less stable than other formulations. In addition, we prepared the quenching oil of viscosity grade 37, based on vegetable oils, improved with additives. From these examination results it is obvious that cooling characteristics are dependent on the composition of the oil. Cooling characteristics are changed by adding different types of base oils. They also depend on the concentration of additives. By adding additives, the cooling rate is increased as well as the H-value. Based on these results, specific oil compositions can be used in steel quenching processes in accordance with specific quality requirements of a workpiece.
